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(54) Method of fabricating micro-structured fibres

(57) A method is described for designing and/or pro-
ducing micro-structured fibres having a predetermined
polarimetric sensitivity to temperature. The method al-
lows obtaining highly birefringent micro-structured fibres
having a limited temperature sensitivity or being temper-
ature independent for specific wavelengths. The latter is
obtained by properly selection of the fibre geometry or,
if the micro-structured fibre has an arbitrary geometry,
by properly choosing the glass used for its manufactur-
ing. The method comprises obtaining information about
the geometry and/or about the material to be used. This
information then can be used for producing micro-struc-
tured fibres. The necessary information about the geom-
etry and/or about the construction material to be used
can be obtained based on a model for the temperature
sensitivity of birefringent micro-structured fibres. Further-
more, micro-structured fibres having a polarimetric sen-
sitivity to temperature not larger than a predetermined
value or even being temperature insensitive for a wide
range of temperatures are described.
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Description

Technical field of the invention

[0001] The present invention relates to a method for designing/fabricating optical fibres and the optical fibres thus
obtained. More specifically, the invention relates to a method for designing and producing micro-structured fibres and
the micro-structured fibres thus obtained.

Background of the invention

[0002] In recent years a lot of effort has been devoted to investigate the properties of micro-structured fibres, also
referred to as photonic crystal fibres, photonic bandgap fibres and holey fibres, which resulted already in many technical
and scientific applications of this new class of fibres, as described by Knight in Nature 424 (2003) 847. For example, it
was demonstrated that in micro-structured fibres birefringence may be induced which exceeds significantly the birefrin-
gence in standard highly birefringent fibres, i.e. 7x10-3 compared to 5x10-4. Birefringence is induced, both for standard
and micro-structured fibres, by introducing a twofold plane symmetry in the fibre cross-section. In standard highly bire-
fringent (HB) fibres, birefringence is induced by an elliptical shape of the core or by stress-applying elements. These
fibres already found numerous applications in optical interferometric systems, fibre-optic sensors, and telecommunication
devices. In the micro-structured fibres described in literature so far, birefringence is induced either by asymmetrical
cladding, in which one row of hexagonal cladding cells has a lower fill factor than the other cladding cells, as described
by Ortigosa-Blanch et al. in Opt. Lett. 25 (2000) 1325, or by two air holes adjacent to the fibre core and having diameters
greater than the other cladding holes, as e.g. described by Suzuki et al. in Opt. Express 9 (2001) 676. It was also
demonstrated by Steel et al. in J. Lightwave Technol. 19 (2001) 495, that birefringence can be induced by an elliptical
shape of the cladding holes. Another way of inducing birefringence in the micro-structured fibres is to form an elliptical
core, composed of two adjacent elementary cells as discussed by Hansen et al. in IEEE Photon. Tech. Lett. 13 (2001)
588, or three adjacent elementary cells, as described by Szpulak et al. in Proc. of IEEE 5th Int. Conf. On Transparent
Optical Networks and European Symposium on Photonic Crystals, Poland (2002) 89, completely filled with glass.
[0003] The class of micro-structured birefringent fibres attracts much attention. Due to the higher flexibility in shaping
modal birefringence, these micro-structured fibres may outperform standard HB fibres in many sensing applications. It
is known, e.g. from WO 02/12931 A2 that the dispersion behaviour of micro-structured fibres can be altered by applying
specific designs for the micro-structured fibres.
[0004] One of the crucial factors for deciding about the applicability of birefringent fibres to specific metrological
applications is their temperature sensitivity. The response to temperature in standard HB fibres is associated mostly
with residual thermal stress induced by different expansion coefficients of the glass in the fibre core and the cladding
regions. As in the birefringent micro-structured fibres no doped regions are present, it may be expected that the tem-
perature sensitivity in these fibres is significantly lower compared to the temperature sensitivity of standard HB fibres.
Preliminary analysis carried out for the birefringent micro-structured fibres with asymmetric cladding and elliptical holes
indeed demonstrates that temperature sensitivity in these fibres is at least one order of magnitude lower than in standard
HB fibre with an elliptical core. Low temperature sensitivity of the birefringent micro-structured fibre with asymmetrical
cladding at λ= 1.55 mm was recently also confirmed experimentally.
[0005] A number of techniques are known whereby the effects of temperature changes on fibres are reduced, e.g. by
providing specific packaging systems comprising members that have a specific temperature-compensating function.
Such systems are e.g. described in US Patent 6,181,851 B1 or US Patent 6,771,858 B2.
[0006] Nevertheless, none of these systems describes a method for reducing the inherent temperature sensitivity of
fibres, more specifically of micro-structured fibres.

Summary of the invention

[0007] It is an object of the present invention to provide a method for designing and/or fabricating optical fibres and
the optical fibres thus obtained. More specifically, the invention relates to a method for designing and producing micro-
structured fibres and the micro-structured fibres thus obtained. An advantage of the invention is the provision of optical
fibres with a specific low temperature sensitivity, such as e.g. a null sensitivity if used for specific wavelengths of elec-
tromagnetic radiation, and optical fibres which have a specific temperature sensitivity, such as e.g. a null sensitivity if
used for specific wavelengths of electromagnetic radiation.
[0008] The invention relates to a method for designing a micro-structured optical fibre optimised for transmitting light
with a wavelength λ, said micro-structured optical fibre having a polarimetric sensitivity, said method comprising tuning
said polarimetric sensitivity to temperature or an approximation thereof to have an absolute value not larger than a
predetermined value over a temperature range having an upper limit of 25%, preferably 50%, more preferably 75%,
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even more preferably 90%, still more preferably 100% of a highest softening temperature of materials constituting said
optical fibre, and a lower limit of 10˚C, preferably -40˚C, more preferably -70˚C, even more preferably -150˚C, still more
preferably -270˚C, said tuning being performed by selecting a construction material having construction material param-
eters and by selecting a fibre design having design parameters.
[0009] Said construction parameters may comprise a refractive index nconst.mat. and a thermal expansion coefficient
αconst.mat–. and said design parameters may comprise a number of cladding regions N, a refractive index nclad. reg. of a
filling material filling said cladding regions, an averaged distance Λ between the cladding regions and an average size
of the i-th cladding region di.
[0010] Tuning said polarimetric sensitivity to temperature or an approximation thereof may comprise tuning the tem-
perature induced change of the modal birefringence B combined with the product of the modal birefringence B and the
thermal expansion coefficient of the construction material.
[0011] Said temperature induced change of the modal birefringence B combined with the product of the modal bire-
fringence B and the thermal expansion coefficient of the construction material or an approximation thereof may be given by

, wherein B is the modal birefringence and dB/dT is the total differential of the modal birefringence B to temperature T.
[0012] In other words the invention may relate to a method for designing a micro-structured optical fibre optimised for
transmitting light with a wavelength λ , said method comprising tuning the absolute value of the polarimetric sensitivity
to temperature, given by

wherein B is the modal birefringence or an approximation thereof to be not larger than a predetermined value, for
temperatures T over a range having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably
90%, still more preferably 100% of a highest softening temperature of materials constituting said optical fibre, and a
lower limit of 10˚C, preferably -40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C,
by selecting a construction material having a refractive index nconst.mat. and a thermal expansion coefficient αconst.mat–.
and a fibre design having design parameters N being a number of cladding regions, said cladding regions being filled
with a filling material having a refractive index nclad. reg., Λ being an averaged distance between the cladding regions
and di being an average size of the i-th cladding region.
[0013] The predetermined value may be smaller than 0.05 rad/(K.m), preferably smaller than 0.01 rad/(K.m), even
more preferably smaller than 0.005 rad/(K.m), still more preferably 0 rad/(K.m). The predetermined value may be 0, i.e.
the polarimetric sensitivity to temperature may be a null sensitivity.
[0014] Said temperature induced change of the modal birefringence B may be approximated by the sum of the rate
of change of the modal birefringence with varying refractive index of the construction material multiplied with the rate of
change of the refractive index of the construction material with varying temperature, the rate of change of the modal
birefringence with varying refractive index of the filling material multiplied with the rate of change of the refractive index
of the filling material with varying temperature and the rate of change of the modal birefringence with varying averaged
distance between the cladding regions multiplied with the rate of change of the averaged distance between the cladding
regions with varying temperature. In other words, said polarimetric sensitivity to temperature or an approximation thereof
may be given by
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[0015] Tuning said polarimetric sensitivity to temperature or an approximation thereof may comprise selecting a specific
composition of any of a glass material, a quartz glass, a fused silica, a high fused silica or a polymer material.
[0016] Tuning said polarimetric sensitivity to temperature or an approximation thereof may comprise selecting a fibre
geometry.
[0017] Selecting said fibre geometry may comprise one or more of changing the number N of cladding regions,
changing the average distance Λ between said cladding regions or changing the diameter dcli of at least one cladding
region. Changing the diameter dcli of at least one cladding region thereby may comprise changing the diameter of at
least one pair of the cladding regions located symmetrically with respect to a centre of said fibre.
[0018] Said tuning said polarimetric sensitivity to temperature or an approximation thereof may be obtained by mini-
mising the derivative of the modal birefringence B(X) to the refractive index nconst. mat. of the construction material used.
[0019] The invention also relates to a micro-structured optical fibre for transmitting light with a wavelength λ, said
micro-structured optical fibre having a fibre design with design parameters and being made of a construction material
with construction material parameters, said micro-structured optical fibre having a polarimetric sensitivity or an approx-
imation thereof with an absolute value that is tuned to be not larger than a predetermined value, for temperatures T over
a range having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably 90%, still more
preferably 100% of a highest softening temperature of materials constituting said optical fibre, and a lower limit of 10˚C,
preferably -40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C.
[0020] Said construction material parameters may comprise a refractive index nconst.mat. and a thermal expansion
coefficient αconst.mat–. and said design parameters may comprise a number of cladding regions N, a refractive index
nclad. reg. of a filling material filling said cladding regions, an averaged distance Λ between the cladding regions and an
average size of the i-th cladding region di.
[0021] Said tuned polarimetric sensitivity to temperature or an approximation thereof may be a tuned value of a
temperature induced change of modal birefringence B combined with a product of modal birefringence B and a thermal
expansion coefficient of the construction material.
[0022] Said temperature induced change of the model birefringence B combined with the product of modal birefringence
B and a thermal expansion coefficient of the construction material or an approximation thereof may be given by

wherein B is the modal birefringence and dB/dT is the differential of modal birefringence B to temperature T.
[0023] In other words, the invention also may relate to a micro-structured optical fibre for transmitting light with a
wavelength λ, said micro-structured optical fibre having a design with a number N of cladding regions, Λ being the
averaged distance between the cladding regions, said cladding regions being filled with a filling material having a
refractive index nclad. reg., said micro-structured optical fibre furthermore being made of a construction material having
a refractive index nconst. mat. and a thermal expansion coefficient αconst. mat., wherein the absolute value of the polarimetric
sensitivity to temperature, given by
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or an approximation thereof, is tuned to be not larger than a predetermined value, for temperatures T over a range
having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably 90%, still more preferably
100% of a highest softening temperature of materials constituting said optical fibre, and a lower limit of 10˚C, preferably
-40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C, with B being the modal bire-
fringence.
[0024] Said predetermined value may be smaller than 0.05 rad/(K.m), preferably smaller than 0.01 rad/(K.m), even
more preferably smaller than 0.005 rad/(K.m), still more preferably 0 rad/(K.m). Said predetermined value may be
substantially equal to 0, in other words said polarimetric sensitivity to temperature may be a null sensitivity.
[0025] Said temperature induced change of the model birefringence B may be approximated by the sum of the rate
of change of the modal birefringence with varying refractive index of the construction material multiplied with the rate of
change of the refractive index of the construction material with varying temperature, the rate of change of the modal
birefringence with varying refractive index of the filling material multiplied with the rate of change of the refractive index
of the filling material with varying temperature and the rate of change of the modal birefringence with varying averaged
distance between the cladding regions multiplied with the rate of change of the averaged distance between the cladding
regions with varying temperature. In other words, said polarimetric sensitivity to temperature or an approximation thereof
may be given by

[0026] The invention furthermore relates to an optical sensing system comprising a micro-structured optical fibre for
transmitting light with a wavelength λ, as described above. In other words, the invention furthermore may relate to an
optical sensing system comprising a micro-structured optical fibre for transmitting light with a wavelength λ, said micro-
structured optical fibre having a design with a number N of cladding regions, Λ being the averaged distance between
the cladding regions, said cladding regions being filled with a filling material having a refractive index nclad. reg., said
micro-structured optical fibre furthermore being made of a construction material having a refractive index nconst. mat. and
a thermal expansion coefficient αconst. mat., wherein the absolute value of the polarimetric sensitivity to temperature,
given by

or an approximation thereof, is tuned to be not larger than a predetermined value, for temperatures T over a range
having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably 90%, still more preferably
100% of a highest softening temperature of materials constituting said optical fibre, and a lower limit of 10˚C, preferably
-40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C, with B being the modal bire-
fringence. The optical fibre may be any of the optical fibres as described above.
[0027] The invention also relates to a method for producing a micro-structured optical fibre optimised for transmitting
light with a wavelength λ, said micro-structured optical fibre having a polarimetric sensitivity, being made of a construction
material and having a specific design, said method comprising

- providing construction material information and design information such that said polarimetric sensitivity to temper-
ature or an approximation thereof is tuned to have an absolute value not larger than a predetermined value over a
temperature range having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably 90%,
still more preferably 100% of a highest softening temperature of materials constituting said optical fibre, and a lower
limit of 10˚C, preferably -40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C, and

- producing the micro-structured optical fibre based on the provided construction material information and design
information.
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[0028] Said construction material information may comprise construction parameters, said construction parameters
comprising a refractive index nconst.mat. and a thermal expansion coefficient αconst.mat–. and said design information may
comprise design parameters, said design parameters comprising a number of cladding regions N, a refractive index
nclad. reg. of a filling material filling said cladding regions, an averaged distance Λ between the cladding regions and an
average size of the i-th cladding region di.
[0029] Said tuning said polarimetric sensitivity to temperature or an approximation thereof may comprise tuning the
temperature induced change of the modal birefringence B combined with the product of the modal birefringence B and
the thermal expansion coefficient of the construction material.
[0030] Said temperature induced change of the model birefringence B combined with the product of the modal bire-
fringence B and the thermal expansion coefficient of the construction material or an approximation thereof may be given by

wherein B is the modal birefringence and dB/dT is the total differential of the modal birefringence B to temperature T.
In other words, the invention furthermore may relate to a method for producing a micro-structured optical fibre optimised
for transmitting light with a wavelength λ, said micro-structured optical fibre being made of a construction material and
having a specific design with a number N of cladding regions filled with filling material, said method comprising providing
information about said construction material and said specific design such that the absolute value of the polarimetric
sensitivity to temperature, given by

or an approximation thereof, is tuned to be not larger than a predetermined value, for temperatures T over a range
having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably 90%, still more preferably
100% of a highest softening temperature of materials constituting said optical fibre, and a lower limit of 10˚C, preferably
-40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C, whereby B is the modal bire-
fringence which is a function of nconst.mat. and nclad.reg. being the refractive indices of the construction material and the
filling material respectively, and of design parameters Λ being the average distance between cladding regions, dcli being
the average diameter of the i-th cladding region and N, being the number of cladding regions respectively, and whereby
αconst.mat is a thermal expansion coefficient of the construction material, and producing the micro-structured optical fibre
based on the provided construction material information and design information.
[0031] The predetermined value may be smaller than 0.05 rad/(K.m), preferably smaller than 0.01 rad/(K.m), even
more preferably smaller than 0.005 rad/(K.m), still more preferably 0 rad/(K.m). The predetermined value may be 0 or
in other words, the polarimetric sensitivity to temperature may be a null sensitivity.
[0032] Said temperature induced change of the model birefringence B is approximated by the sum of the rate of
change of the modal birefringence with varying refractive index of the construction material multiplied with the rate of
change of the referactive index of the construction material with varying temperature, the rate of change of the modal
birefringence with varying refractive index of the filling material multiplied with the rate of change of the refractive index
of the filling material with varying temperature and the rate of change of the modal birefringence with varying averaged
distance between the cladding regions multiplied with the rate of change of the averaged distance between the cladding
regions with varying temperature. In other words, said polarimetric sensitivity to temperature or an approximation thereof
may be given by
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[0033] Providing information about said construction material and said specific design may comprise selecting a
specific composition of glass material so that polarimetric sensitivity to temperature or an approximation thereof is tuned
to have an absolute value of the be not larger than the predetermined value.
[0034] Providing information about said construction material and said specific design may comprise selecting a
specific geometry so that the polarimetric sensitivity to temperature or an approximation thereof is tuned to have an
absolute value not larger than the predetermined value.
[0035] Selecting said fibre geometry may comprise any of changing the number of cladding regions, changing the
average distance between said cladding regions or changing the diameter of at least one cladding region.
[0036] Changing the diameter of at least one cladding region may comprise changing the diameter of at least one
pair of the cladding regions located symmetrically with respect to a centre of said fibre.
[0037] Providing information about said construction material and said specific design may comprise information about
said construction material and said specific design such that the derivative of the modal birefringence B(λ) to the refractive
index nglass, of the construction material used is minimised.
[0038] The invention also relates to a computer program product for executing a method for designing a micro-
structured optical fibre optimised for transmitting ligh with a wavelength λ as described above. In other words, the
invention also relates to a computer program product for executing a method for designing a micro-structured optical
fibre optimised for transmitting light with a wavelength λ, said method comprising tuning the absolute value of the
polarimetric sensitivity to temperature, given by

wherein B is the modal birefringence, or an approximation thereof to be not larger than a predetermined value, for
temperatures T over a range having an upper limit of 25%, preferably 50%, more preferably 75%, even more preferably
90%, still more preferably 100% of a highest softening temperature of materials constituting said optical fibre, and a
lower limit of 10˚C, preferably -40˚C, more preferably -70˚C, even more preferably -150˚C, still more preferably -270˚C,
by selecting a construction material having a refractive index nconst.mat. and a thermal expansion coefficient αconst.mat–.
and a fibre design having design parameters N being a number of cladding regions, said cladding regions being filled
with a filling material having a refractive index nclad. reg., Λ being an averaged distance between the cladding regions
and di being an average size of the i-th cladding region. The computer program product also relates to any of the other
methods for designing a micro-structured optical fibre as described above.
[0039] The invention furthermore relates to a machine readable data storage device storing the computer program
product as described above.
[0040] The invention also relates to transmission of the computer program product as described above, over a local
or wide area telecommunications network.
[0041] It is an advantage of embodiments of the present invention that the sensitivity of micro-structured fibres can
be modelled such that information about the temperature sensitivity of these fibres can be relatively easily obtained.
[0042] It is an advantage that the sign of the temperature sensitivity in the micro-structured fibres can be altered by
applying specific modifications to the fibre geometry, according to embodiments of the present invention.
[0043] It is furthermore an advantage that temperature desensitization, i.e. for example obtaining a null sensitivity,
can be achieved in micro-structured fibres of arbitrary construction by using for its manufacturing an appropriate glass,
with thermal expansion coefficient (α) and thermooptic coefficient (γ) satisfying a certain relation according to embodi-
ments of the present invention.
[0044] It is an advantage of the present invention that the temperature desensitization can be achieved without sub-
stantially decreasing the birefringence of the fibres.
[0045] It is also an advantage that temperature desensitization can be achieved in micro-structured fibres made of a
specific type of glass, such as e.g. silica glass, by changing the fibre geometry, according to embodiments of the present
invention. In this way null sensitivity to temperature can be assured at desired wavelengths.
[0046] It is an advantage of the present invention that the absolute value of the temperature sensitivity in micro-
structured fibres can be tuned over two orders of magnitude during design or production by varying the fibre structure.
[0047] Particular and preferred aspects of the invention are set out in the accompanying independent and dependent
claims. Features from the dependent claims may be combined with features of the independent claims and with features
of other dependent claims as appropriate and not merely as explicitly set out in the claims.
[0048] Although there has been constant improvement, change and evolution of devices in this field, the present
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concepts are believed to represent substantial new and novel improvements, including departures from prior practices,
resulting in the provision of more efficient, stable and reliable devices of this nature.
[0049] The teachings of the present invention permit the improved design and production of micro-structured fibres.
These and other characteristics, features and advantages of the present invention will become apparent from the following
detailed description, taken in conjunction with the accompanying drawings, which illustrate, by way of example, the
principles of the invention. This description is given for the sake of example only, without limiting the scope of the
invention. The reference figures quoted below refer to the attached drawings.

Brief description of the drawings

[0050]

Fig. 1 is a schematic illustration of the cross-sections of different birefringent micro-structured fibres, which can be
modelled using a method according to embodiments of the present invention..
Fig. 2 is a schematic illustration of a method for designing a micro-structured fibre, according to the first embodiment
of the present invention.
Fig. 3 is a schematic representation of the different steps to be applied for modelling the temperature dependency
of the modal birefringence according to the second embodiment of the present invention.
Fig. 4a - 4c is a graphical representation of the modal birefringence for the micro-structured fibres described in Fig.
1 respectively, as a function of the refractive index of the glass used and as a function of the normalised wavelength,
obtained by modelling the temperature sensitivity according to a second embodiment of the present invention.
Fig. 5a - 5c is a graphical representation of the modal birefringence for the micro-structured fibres described in Fig.
1 respectively, as a function of the refractive index of the material filling the holes and of the normalised wavelength,
obtained by modelling the temperature sensitivity according to a second embodiment of the present invention.
Fig. 6a - 6c is a graphical representation of the spectral dependency of the overall susceptibility of the modal
birefringence, the component thereof related to thermal expansion and the component thereof related to temperature
induced changes of the refractive index of air, for the micro-structured fibres described in Fig. 1, obtained by modelling
the temperature sensitivity according to a second embodiment of the present invention.
Fig. 7a - 7c is a graphical representation of the spectral dependency of the polarimetric sensitivity to temperature
in silica-air micro-structured fibres described in Fig. 1, obtained by modelling the temperature sensitivity according
to a second embodiment of the present invention.
Fig. 8 is a schematic representation of a system for measurements of temperature-induced phase shift between
polarisation modes as used in experiments for cross-checking the theoretical results obtained by modelling according
to embodiments of the present invention.
Fig. 9a and Fig. 9b are a graphical representation of the experimental and theoretical phase shift as a function of
temperature, for structures 100a and 100b as described in Fig. 1.
Fig. 10 is a graphical representation of the polarimetric sensitivity to temperature for a micro-structured fibre according
to structure 100b of Fig. 1 wherein the micro-structured fibre is desensitised to temperature according to different
embodiments of the present invention.
Fig. 11 is a schematically representation of a computer system adapted for performing a method for designing a
micro-structured fibre according to different embodiments of the present invention.

[0051] In the different figures, the same reference signs refer to the same or analogous elements.

Description of illustrative embodiments

[0052] The present invention will be described with respect to particular embodiments and with reference to certain
drawings but the invention is not limited thereto but only by the claims. The drawings described are only schematic and
are non-limiting. In the drawings, the size of some of the elements may be exaggerated and not drawn on scale for
illustrative purposes. The dimensions and the relative dimensions do not correspond to actual reductions to practice of
the invention.
[0053] Furthermore, the terms first, second, third and the like in the description and in the claims, are used for distin-
guishing between similar elements and not necessarily for describing a sequential or chronological order. It is to be
understood that the terms so used are interchangeable under appropriate circumstances and that the embodiments of
the invention described herein are capable of operation in other sequences than described or illustrated herein. It is to
be noticed that the term "comprising", used in the claims, should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or steps. It is thus to be interpreted as specifying the presence of
the stated features, integers, steps or components as referred to, but does not preclude the presence or addition of one
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or more other features, integers, steps or components, or groups thereof. Thus, the scope of the expression "a device
comprising means A and B" should not be limited to devices consisting only of components A and B. It means that with
respect to the present invention, the only relevant components of the device are A and B.
[0054] Similarly, it is to be noticed that the term "coupled", also used in the claims, should not be interpreted as being
restricted to direct connections only. Thus, the scope of the expression "a device A coupled to a device B" should not
be limited to devices or systems wherein an output of device A is directly connected to an input of device B. It means
that there exists a path between an output of A and an input of B which may be a path including other devices or means.
[0055] The invention will now be described by a detailed description of several embodiments of the invention. It is
clear that other embodiments of the invention can be configured according to the knowledge of persons skilled in the
art without departing from the true spirit or technical teaching of the invention, the invention being limited only by the
terms of the appended claims.
[0056] In a first embodiment, the invention relates to a method for designing a micro-structured fibre with a tuned
polarimetric sensitivity to temperature. The method relates to micro-structured fibres having a periodic structure, such
as e.g. photonic crystal fibres, micro-structured fibres wherein certain frequencies of light are expelled, such as e.g.
photonic bandgap fibres, micro-structured fibres having hollow volumes in it, also called holey fibres, etc. The micro-
structured fibres may propagate light based on index guiding. Micro-structured fibres typically are constructed by providing
a fibre 100a, 100b, 100c made of a construction material 110 with a uniform composition over the entire cross-section,
wherein a number N of cladding regions 120, often referred to as cladding holes, are provided. The cladding regions
120 typically are arranged cylindrical symmetrical around the central axis extending in the length direction of the fibre
100a, 100b, 100c, although the invention is not limited thereto. The construction material 110 may basically be any
material that can be used to construct the desired fibre structure, such as e.g. different types of glass, quartz glass,
fused silica, high fused silica or polymers. The cladding regions 120 typically are filled with a filling material having a
refractive index nclad.reg. The filling material typically is air, although the invention is not limited thereto. Micro-structured
fibres 100a, 100b, 100c have a cross-section, perpendicular to the length direction of the fibre, showing a specific micro-
structure. Some - non-limiting - examples are shown in Fig. 1, showing schematic illustrations of the cross-section of
three different micro-structured fibres.
[0057] The method of the present embodiment surprisingly allows tuning of the polarimetric sensitivity to temperature
KT by selecting specific design parameters or specific construction materials 110. The polarimetric sensitivity to tem-
perature KT, which is wavelength λ dependent, expresses the sensitivity of fibres to temperature T, i.e. a measure for
the thermal properties of fibres, and is defined as

wherein d∆φ is the phase shift between different polarisation modes induced by a temperature change dT, and wherein
L is the length of the fibre exposed to the temperature change dT. The polarimetric sensitivity to temperature can be
expressed as

whereby B is the modal birefringence defined by

wherein λ is the wavelength of the electromagnetic radiation used, βx and βy are propagation constants for the respective
modes of polarisation, and α is a thermal expansion coefficient of the construction material of the fibre. The first term in
equation [2] represents the contribution to the overall sensitivity related only to temperature-induced changes in modal
birefringence, while the second term represents the factor associated with temperature-induced fibre elongation.
[0058] The method comprises adjusting the construction material, e.g. glass, and/or the design parameters in order
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to obtain an optimum polarimetric sensitivity to temperature. It has been found that, for an optical fibre, an optimum
polarimetric sensitivity, can be surprisingly obtained by just adjusting the construction materials and design parameters
of the optical fibre. The latter can be appreciated as follows. The modal birefringence B and thus the polarimetric sensitivity
to temperature is a function of the wavelength λ, the refractive index nconst.mat. of the construction material 110, together
with derived quantities thereof such as the thermo-optic coefficient γconst.mat., the thermal expansion coefficient αconst.mat.
of the construction material 110 and the design parameters which comprise the average distance Λ between cladding
regions 120, the average diameter dcli of the i-th cladding region and the number N of cladding regions. The design
parameters incorporated in the model for the polarimetric sensitivity to temperature in principle should comprise the
description of the geometry of the whole cross-section or parameters allowing to describe the latter. Nevertheless, using
the parameters average distance Λ between cladding regions 120, average diameter dcli of the i-th cladding region and
number N of cladding regions, most often allows to sufficiently accurate describe the system. The cladding regions are
filled with a filling material, that typically is air, although the invention is not limited thereto, having a refractive index
nclad.reg., and a corresponding thermo-optic coefficienty γclad.reg.. In the examples of Fig. 1, the diameter dcli of different
cladding regions is indicated. For these examples, the diameter of most cladding regions is dcl, while a limited number
of cladding regions has a different diameter dx. Other possible design parameters which may influence the birefringence
B may be the position of each of the cladding regions and the shape of each of the cladding regions. If necessary, these
also can be included in the model for the polarimetric sensitivity to temperature. Besides the above mentioned important
construction material parameters and design parameters, other construction material parameters and design parameters
may also be taken into account. Furthermore, temperature dependencies of these or other parameters or of "constants",
e.g. the Young modulus, the thermal expansion coefficient, etc., can easily be taken into account by introducing their
temperature dependency into the model for the polarimetric sensitivity, once the temperature dependency is known.
E.g. for the thermal expansion coefficient of glasses, the dependency on temperature becomes important when the
temperature approaches the softening temperature, i.e. transition temperature of the glasses. In the model, provided
by way of example, this temperature dependency is not taken into account as strong temperature dependency of the
thermal expansion coefficient was not an issue for the given examples in the considered temperature ranges. Never-
theless, incorporation of known temperature dependencies of constants can be easily performed, e.g. if control of the
polarimetric sensitivity to temperature in a larger temperature range needs to be obtained. The modal birefringence B
can e.g. be represented as a function of five parameters, not taking into account the position, the shape and the number
of cladding regions, i.e. B(λ/Λ, nconst.mat., nclad.reg., Λ, dcli/Λ), where λ/Λ is a normalised light wavelength, and dcli/Λ is
a filling factor of the i-th cladding hole. Equation [2] thus becomes

Adjusting design and construction parameters for tuning the polarimetric sensitivity as described in equation [4] surpris-
ingly allows for obtaining a predetermined polarimetric sensitivity. In other words, properly designing a micro-structured
fibre allows to optimise the polarimetric sensitivity to temperature or designing a micro-structured fibre surprisingly allows
tuning of the corresponding polarimetric sensitivity to temperature.
[0059] A schematic overview of the different considerations used for designing a micro-structured fibre is given in Fig.
2. Micro-structured fibres often are designed for specific purposes. A manufacturer typically uses specific design prop-
erties, or to a lesser extent the construction material properties, to optimise the fibres for their specific applications. This
is often done to create a specific modal birefringence In other words, boundary conditions may already been present
for the designing of the fibres. In order to further design the micro-structured fibre such that the polarimetric sensitivity
to temperature is optimised, the following considerations are used.
[0060] If the boundary conditions impose specific external requirements to both the construction material parameters
and the design parameters, only a limited tuning of the polarimetric sensitivity to temperature T can be performed, within
the given boundary conditions. Tuning such that, e.g. a null polarimetric sensitivity to temperature can be obtained in a
wide temperature range, then cannot be guaranteed. If only one of the construction material parameters or design
parameters is limited by specific external requirements defined by the boundary conditions, the "unrestricted" parameters
can be used for tuning the polarimetric sensitivity to temperature. In this way e.g. a null polarimetric sensitivity to tem-
perature can be obtained in a wide temperature range. It will be clear for a person skilled in the art that with "unrestricted"
parameters it is meant that the parameters are not restricted by boundary conditions based on design for specific
applications. Some restrictions for all parameters will anyhow be present, based on the manufacturing process and the
availability of the materials to be used. Nevertheless, the wide class of materials available and the broad range of
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variations in manufacturability designs allows significant freedom to actually tune the polarimetric sensitivity to temper-
ature. With optimising the polarimetric sensitivity to temperature, very often minimising the polarimetric sensitivity to
temperature is meant. It is to be noted that minimising the polarimetric sensitivity to temperature means minimising the
absolute value of the polarimetric sensitivity to temperature, as the polarimetric sensitivity to temperature can be large
but negative.
[0061] In a second embodiment of the present invention, optimising the polarimetric sensitivity to temperature as
defined in equation [4], can surprisingly be obtained by optimising an approximation of the polarimetric sensitivity to
temperature as defined in equation [5]

The latter can be appreciated as follows. The expression of equation [5] can be obtained from equation [4] based on
the following considerations. In standard HB fibres, polarimetric sensitivity to temperature is relatively high, ranging from
-0.5 rad/(K.m) in elliptical core fibres up to -5 rad/(K.m) in fibres with stress applying elements. In fibres having greater
temperature sensitivity, the birefringence is induced by a pair of stress-applying regions doped with B2O3 and located
in the cladding near the fibre core. These regions have thermal expansion coefficient significantly greater than that of
the cladding, which induces high asymmetric stress, and therefore birefringence, in the core region during the pulling
process. Increasing the fibre temperature releases part of the thermal stress and in consequence diminishes its modal
birefringence. As a result, the polarimetric sensitivity to temperature KT in fibres with stress applying elements is relatively
high and has negative sign. In standard HB fibres with elliptical core, there are two phenomena responsible for the
temperature sensitivity. The first effect is related to the change in core dimensions caused by thermal expansion and to
the variation of refractive index contrast between the core and the cladding caused by the difference in thermo-optic
coefficients in these two regions. The second effect is again related to thermal stress arising in the core region. Detailed
analysis presented by Urbanczyk et al. in Appl. Opt. 40 (2001) 1911, shows that the second factor is a dominant one
and contributes in about of 90 % to the overall temperature sensitivity. It is worth mentioning that in standard HB fibres
made of silica glass, the first term in eq.(2), representing susceptibility of the modal birefringence to temperature dB/dT,
is of the order of 10-6 4 10-7 1/K, while the second term αB representing the fibre elongation is of the order of 10-10 1/K
(αSiO2=5.5310-7 1/K, B=5310-4) and is most often neglected when analyzing the temperature sensitivity in standard
HB fibres.
[0062] The micro-structured birefringent fibres are made of a construction material 110 having uniform composition
in the entire cross-section. Therefore, in the micro-structured fibres, in contrast to what occurs in standard HB fibres,
there is no thermal stress induced by the difference in thermal expansion coefficient. Nevertheless, in such fibres residual
thermal stress can still occur due to freezing of the pulling force, often called frozen stress, or due to gradients in the
temperature distribution during glass solidification. The second type of thermal stress is equal to zero in the fibre centre
and increases, e.g. parabolically, with the distance from the centre. Therefore, it can be assumed that the material
birefringence induced by this type of stress in the core region is negligibly small. Furthermore, the dominant component
of the frozen stress is parallel to the fibre axis, therefore, it doesn’t contribute to the modal birefringence. Taking these
arguments into account, stresses are totally disregarded in the analysis of thermal properties of the birefringent micro-
structured fibres. In other words, in this approximation, the susceptibility of the modal birefringence to temperature dB/dT
is associated only with temperature-induced changes in refractive indices nconst.mat., nclad.reg., and with changes in the
pitch length Λ related to thermal expansion of the glass. Therefore, dB/dT can be expressed as:

and after simple transformations:
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where γconst.mat and γclad.reg. are respectively the thermooptic coefficient of the construction material 110 and the filling
material inside the cladding regions 120, while αconst.mat stands for thermal expansion coefficient of the construction
material, e.g. the glass. For silica-air fibres these coefficient are equal respectively γSiO2 = 13 10-5 1/K, αSiO2 =5.5310-7

1/K, and γair = -9310-7 1/K. However, in general case γconst.mat. can be either positive or negative depending upon
construction material composition, e.g. glass composition. Substitution of equation [7] in equation [4] thus allows to
obtain the approximation for the polarimetric sensitivity to temperature, given in equation [5].
[0063] Numerical analysis of B carried out for several birefringent structures shows that this function reaches maximum
for certain value of refractive index (nconst.mat

max), which depends upon λ/Λ and upon fibre geometry. Therefore, by
properly selecting the construction material, e.g. glass, used to manufacture the specific birefringent micro-structured
fibre, dB/dnconst.mat. can be made to be either positive or negative. Furthermore, the absolute value of dB/dnconst.mat.
can vary in a wide range vs nconst.mat. This feature of dB/dnconst.mat. offers two approaches to temperature desensitization
of the birefringent micro-structured fibres:
[0064] For fibres with arbitrary geometry, it is possible to find a construction material composition, e.g. glass compo-
sition, with a specific nconst.mat., γconst.mat. and αconst.mat. that assures null response to temperature at desired wavelength
(KT=0). For glass-air fibres, the second term in equation [5] is usually much smaller that the other ones, therefore, the
proper glass may be preliminarily selected using the simplified relation:

As modal birefringence B(λ) and its derivative are highly dispersive, therefore, neglecting the contribution of represented
in equation [5] by dB/dnair will result only in a small shift of wavelength at which KT=0, compared to the wavelength
satisfying equation [8].
[0065] For fibres made of specified material with known nconst.mat., γconst.mat. and αconst.mat., it is possible to find a fibre
geometry that assures KT=0 at desired wavelength. Material used most often to manufacture a micro-structured fibre
is silica glass, for which thermal expansion coefficient is very low. In such case, only the first term in eq. (6) brings
significant contribution to KT. Therefore, the geometry of silica-air fibre that assures null sensitivity to temperature at
specific wavelength may be initially selected using the simplified relation

Similarly as it was in the first case, neglecting the other terms in equation [5] causes only a small shift of wavelength at
which the polarimetric sensitivity to temperature KT=0, compared to the wavelength at which B(λ) reaches maximum.
[0066] In other words, optimising the absolute value of the polarimetric sensitivity to temperature KT or an approximation
thereof surprisingly can be done by just specifically selecting the construction material parameters such as the refractive
index of the construction material and/or by specifically selecting design parameters such as the average distance
between the cladding regions Λ, the diameter dcli of each of the N cladding regions the number of cladding regions or
the arrangement of the cladding regions, which influences the average distance Λ. Optimising thereby typically comprises
minimising the absolute value of the polarimetric sensitivity to temperature KT or an approximation thereof or tuning the
polarimetric sensitivity to temperature KT or an approximation thereof such that it is not larger than a predetermined
value. Tuning either the construction material parameters or the fibre design parameters allows to obtain an absolute
value of the polarimetric sensitivity to temperature KT or an approximation thereof which is not larger than 0.05 rad/
(K.m), preferably not larger than 0.01 rad/(K.m), even more preferably not larger than 0.005 rad/(K.m), most preferably
which is 0 rad/(K.m) or in other words which has a null polarimetric sensitivity to temperature KT. This limited polarimetric
sensitivity to temperature KT is obtained in a wide temperature range having an upper limit of at least 95˚C, preferably
200˚C, more preferably 800˚C, even more preferably 1100˚C and a lower limit of 10˚C, preferably-40˚C, more preferably
-70˚C, even more preferably -150˚C, still more preferably -270˚C. The temperature range in which the polarimetric
sensitivity KT to temperature needs to be limited, depends on the application and on the materials used for the fibres.
Alternatively, the upper limit of this range may be defined by the temperature range wherein the fibres are applicable,
i.e. for example a range having as upper limit at least 25% of the highest softening temperature, expressed in ˚C, of the
materials constituting the fibre, preferably 50% of the highest softening temperature, more preferably 75% of the highest
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softening temperature, even more preferably 90% of the highest softening temperature, still more preferably the highest
softening temperature. As material constants depend typically may depend on temperature, the model and calculations
can be adopted to incorporate the specific temperature dependency of the material constants. The latter may e.g. be
known from literature.
[0067] In a third embodiment of the present invention, providing information such that the temperature sensitivity can
be tuned is obtained by applying a model for the polarimetric sensitivity to temperature or an approximation thereof. By
way of example, the use of a model based on numerical analysis using a finite element method is described, but it will
be obvious for the person skilled in the art that other types of calculation methods also may be applied, such as e.g.
finite difference methods, plane wave methods, multipole methods, etc. In order to evaluate the spectral dependence
of the susceptibility of the phase modal birefringence to temperature dB/dT, all terms appearing in equation [7] are
determined using numerical approach, which required multiple calculations of the propagation constants βx, βy, and the
modal birefringence B versus λ/Λ, nconst.mat., and nholes. In the present example, these calculations are performed using
a fully vector based finite element method (FEM) based on edge elements, with a triangular mesh composed of about
70000 elements in one quarter of the analyzed structures. The different steps in the method 300 for modelling the
polarimetric sensitivity to temperature KT are shown in Fig. 3.
[0068] In a first step 310, the dependence of B upon nconst.mat. and λ/Λ is calculated, assuming that the cladding
regions are filled with air, i.e. nclad.reg.=nair, and taking into account the spectral dependence of nair at atmospheric
pressure.
[0069] In a second step 312, the dependence of B upon nclad.reg., and λ/Λ was numerically calculated, assuming that
the fibre is made of silica glass, i.e. with nconst.mat. = nSiO2 and taking into account the spectral dependence of nSiO2.
[0070] It will be obvious for the person skilled in the art that the sequence of the first step 310 and the second step
312 is interchangeable. The calculations in these steps may e.g. be performed for wavelengths between 0.5mm and
1.5mm, i.e. 0.5<λ<1.5 mm, for a refractive index of the construction material nconst.mat. within the range 1.25 < nconst.mat.
< 3 and for a refractive index of the filling material of the cladding regions nclad.reg. in the range 0.9< nclad.reg.< 1.1,
although the invention is not limited thereto. The calculation typically is performed for wavelength regions wherein the
micro-structured fibre is to be used and for refractive index regions.
[0071] In the next step 314, the derivatives dB/dnconst.mat.(nconst.mat., nair, λ/Λ) and dB/dnclad.reg.(nSiO2, nclad.reg., λ/Λ)
are numerically calculated based on the information obtained in the first and the second step. This numerical calculation
is in the present example performed using a spline method for discrete mesh of the variable nconst.mat. and λ/Λ and the
variables nclad.reg. and λ/Λ respectively. Additionally, if comparison with micro-structured fibres being made of SiO2 and
with cladding regions filled with air are used, dB/dnSiO2(λ/Λ) and dB/dnair(λ/Λ) can be obtained by substituting
nconst.mat.=nSiO2 and nclad.reg.=nair and interpolating discrete values of respective derivative.
[0072] In a further step 316, the term representing the effect of thermal expansion, i.e. ΛdB/dΛ, is determined by first
differentiating of B(nSiO2, nair, λ/Λ) with respect to λ/Λ and then multiplying the obtained result with -λ/Λ. In this way
ΛdB/dΛ is obtained., as

[0073] Optionally, in step 318, the term αconst.mat..B can be calculated in order to obtain an improved approximation
for the polarimetric sensitivity to temperature KT. For standard high birefringence fibres, this term is often neglected
because of its small contribution to the polarimetric sensitivity to temperature. For micro-structured fibres, this term also
can be neglected as it only provides a limited contribution to the polarimetric sensitivity to temperature KT.
[0074] By way of example, the polarimetric sensitivity to temperature KT will be illustrated for the three micro-structured
fibres of different constructions shown in Fig. 1. In these examples, birefringence is induced by varying the average
diameter dx of a pair of cladding regions 122 located symmetrically with respect to the central defect. It will be obvious
to the person skilled in the art that these type of micro-structured fibres are only used by way of example and that other
types of micro-structures, whereby the birefringence e.g. is induced by a difference in shape of the cladding or core
regions, also can be optimised with methods according to the present invention. In the first structure 100a, the average
diameter dx of the cladding regions 122 is significantly larger than the average diameter of the other cladding regions
120, i.e. dx > dcl. Such types of fibres can e.g. be obtained from Blaze Photonics Inc. In the second exemplary structure
100b, the cladding regions 122 have an average diameter dx=0, or in other words the cladding regions 122 are removed.
The latter means that the fibre core is composed of three elementary cells completely filled with construction material,
e.g. glass. The core therefore has a highly elliptical shape. In the third exemplary structure 100c, the birefringence is
induced by a pair of cladding regions 122 with an average diameter smaller than the other cladding regions 120, i.e. dx
< dcl. The average pitch distance Λ and the average diameter of the cladding regions (dcl) gathered in Table 1 are chosen
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so that all analyzed structures operate in a single mode regime for wavelengths larger than 0.8 mm.

[0075] The calculated values of B(nconst.mat., nair., λ/Λ) and B(nSiO2, nclad.reg., λ/Λ), based on the model described in
the third embodiment, are displayed in Fig.4a to Fig. 5c for micro-structured fibres 100a, 100b and 100c. The results
clearly show that in all analyzed structures, for any normalised wavelength λ/Λ, the functions B(nconst.mat., nair, λ/Λ)
reach a maximum for certain value of the glass refractive index, indicated by nconst.mat.

max. The relative value of this
maximum with respect to nSiO2 depends largely upon the fibre geometry. In structure 100a, nSiO2 >nconst.mat.

max and in
consequence dB(nconst.mat, nair, λ/Λ)/dnconst.mat. is negative at nconst.mat.=nSiO2. Because dB/dnconst.mat. is the main
factor contributing to dB/dT, the overall susceptibility of the phase modal birefringence to temperature has negative sign
in this fibre. Nevertheless, as it is shown in Fig.6a, the absolute value of dB/dT in structure 100a is very small and does
not exceed 1.2x10-9 1/K in the analyzed spectral range. This value corresponds to a polarimetric sensitivity to temperature
KT= -0.006 rad/(K.m), which is about two orders of magnitude lower that in standard highly birefringent fibres with elliptical
core. In structure 100b, the function B(nconst.mat., nair, λ/Λ) reaches maximum for nconst.mat.

max much greater than nSiO2.
Therefore, the derivative dB(nconst.mat., nair, λ/Λ)/dnconst.mat. and in consequence the overall susceptibility to temperature
dB/dT are both positive in this fibre. In contrast to what is observed in structure 100a, in the birefringent micro-structured
fibre with triple defect dB/dT is highly dispersive and at λ=1.5 mm reaches a level of +5x10-8 1/K, as shown in Fig. 6b.
It corresponds to the polarimetric sensitivity to temperature KT= +0.2 rad/Kxm, which is almost as high as the temperature
sensitivity in standard highly birefringent fibres with elliptical core, having a polarimetric sensitivity to temperature of KT=
-0.5 rad/(K.m). However, it should be emphasised that due to a different mechanism of the temperature response, the
sensitivities in both fibres have opposite sign.
[0076] In structure 100c, the function B(nconst.mat., nair, λ/Λ) arrives to maximum at nconst.mat.

max =nSiO2 for λ/Λ=0.65.
As a result, the overall susceptibility of the modal birefringence to temperature dB/dT changes its sign from negative to
positive at λ=0.98 mm mm, while the polarimetric sensitivity to temperature KT, due to the contribution related to tem-
perature-induced fibre elongation, crosses zero at slightly different wavelength, i.e. λ=0.94 mm, as can be derived from
Fig.6c. The null sensitivity wavelength can be easily tuned in structure 100c by changing the diameter (dx) of the small
cladding holes. A certain disadvantage of such fibre geometry is that dB/dT and KT are very dispersive and at λ=1.5
mm reach relatively high values dB/dT=+2.5310-8 1/K and KT=+0.1 rad/Kxm, respectively.
[0077] The results shown in Fig. 6a to Fig. 6c indicate that the term dB/dnconst.mat. in equation [7] largely depends on
the fibre geometry. On the other hand, the behaviour in the terms γdad.reg.dB/dnclad.eg. and αSiO2 Λ dB/dΛ is very similar
for all three exemplary structures. The term γclad.reg.dB/dnclad.reg., representing the effect related to temperature-induced
decrease of the refractive index in air, is positive, slowly increases with wavelength, and at λ=1.5mm reaches its maximum
value for the studied range, the value ranging from +0.8310-9 1/K for structure 100a up to +3310-9 1/K for structure
100c. The term αSiO2 Λ dB/dΛ, representing the effect of thermal expansion has a negative sign, slowly decreases with
wavelength, and at λ=1.5 mm reaches its minimum value for the studied range, its value ranging from -0.6310-9 1/K for
structure 100a up to -2310-9 1/K for structure 100c.
[0078] For comparison purposes, in Fig. 7a and Fig. 7b the spectral dependence of the polarimetric sensitivities to
temperature KT and KT’ are presented, whereby the first parameter KT was calculated according to equation [7] while
the second parameter KT was calculated while disregarding the term αSiO2.B, representing the effect of temperature-
induced fibre elongation. The contribution to KT associated with fibre elongation is often neglected in standard HB
birefringent fibres. The results presented in Fig.7a and Fig. 7b shows that also in birefringent micro-structured fibres,
disregarding the temperature-induced fibre elongation leads to relatively small error of the order of 0.001 rad/Kxm. The
latter is in agreement with the suggestions of method 300.
[0079] The modeling results obtained for two of the exemplary micro-structured fibres of Fig. 1 are experimentally
confirmed. The polarimetric sensitivity to temperature KT has been experimentally determined for fibre structure 100a
and fibre structure 100b. The experimental results were obtained for fibres of about 1.5m long, whereby the polymer
coating which typically encapsulates the fibre, is removed over the complete length to avoid any stresses induced by
thermal expansion of the polymer. A 0.5m long part of the fibre 100a, 100b was exposed to temperature changes in the
range from 10˚ C to 95˚ C. The experimental setup 400 wherein the polarimetric sensitivity to temperature is tested is
described in Fig. 8. Linearly polarised light at the fibre input was aligned at 45˚ to equally excite both polarization modes,

Table 1

Structure 100a Structure 100b Structure 100c

Λ [mm] 4 1 1.5

Del [mm] 1.6 0.4 0.9

Dx [mm] 4 0 0.45
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e.g. by leading light of a tunable laser 402 onto a 45˚ polarizer 404, using a leading-in fibre 406. The temperature-induced
changes in phase shift between the polarisation modes were measured with a resolution of about 3 degrees using a
polarisation analyzer 408 (Agilent). The fibre to be studied therefore is connected to a leading-out fibre 410. The tem-
perature for the fibre to be studied is controlled by a temperature controller 412. The sensitivity measurements were
carried out at λ=1.46 mm for structure 100a. In the fibre with elliptical core, a high attenuation is observed at λ=1.46 mm
due to small diameter of the cladding holes. Therefore, for structure 100b, the measurements of temperature sensitivity
were carried out at λ=1.31 mm. A linear response to temperature changes for both investigated fibres was observed,
as can be seen in Fig.9a and 9b. The proportionality coefficients determined for the full temperature range (∆T = 85˚C)
are equal to -0.0024˚rad/K and 0.044˚rad/K respectively for structures 100a and 100b. The measurement technique
allows to obtain the polarimetric sensitivity with an accuracy of 0.0002 rad/(K.m). In the present application, the above
described measurement technique is used as a reference technique for experimentally determining the polarimetric
sensitivity.
[0080] A special procedure was used to identify the sign of the temperature-induced phase changes. On a Poincaré
diagram, an evolution of the polarisation state at the fibre output was studied while slowly changing the wavelength of
the tunable lasers used as a light source. The phase shift ∆ϕ induced by changing the wavelength by ∆λ may be
represented by the following expression:

and after some transformation:

where G stands for group modal birefringence defined in the following way:

In the chosen co-ordinate system (see Fig.1), the phase modal birefringence B has positive sign in all analysed structures.
On the other hand, due to high chromatic dispersion of B represented by the second term in equation [12], the group
modal birefringence G is negative. Therefore, it is concluded that increasing wavelength emitted by the light source (∆λ
positive) results in a increase of the phase difference between polarisation modes (∆ϕ>0). This effect was used as a
reference test to recognise the direction of the temperature-induced phase changes in the investigated birefringent fibres.
[0081] In case of the fibre with a pair of large holes adjacent to the core, such as e.g. structure 100a, the phase shift
induced by increasing wavelength (∆λ>0) had opposite sign compared to the phase shift induced by increasing temper-
ature. Therefore, it was concluded that the sign of the polarimetric sensitivity to temperature is negative (KT= - 0.0043
rad/Kxm at λ=1.46 mm), which means that increasing temperature lowers the phase modal birefringence B in this fibre.
Using a similar procedure, it was found that the sign of the polarimetric sensitivity to temperature in the fibre with triple
defect is positive, KT= + 0.12 rad/K3m at λ=1.31 mm.
[0082] For both investigated fibres, the experimental results are in relatively good agreement with the theoretical
predictions. The latter is shown in Fig. 9a and Fig. 9b. The experimental results are shown by squares, whereas the
modelling results are indicated by the full lines. It confirms independently that the thermal properties of the birefringent
micro-structured fibres can be drastically modified by changing the fibre geometry. Furthermore, good consistency
between theoretical and experimental results proves that the effect of residual thermal stresses on temperature response
in the birefringent micro-structured fibres is relatively low and, therefore, its disregarding in the modelling method 300
was justified.
[0083] For comparison purposes, the sensitivity measurements for the same fibres with the polymer coating were
repeated. For structure 100b having high temperature sensitivity, practically the same value of KT as for the bare fibre
was obtained. For structure 100a having very low temperature sensitivity, KT measured for the fibre with polymer coating
was twice as high as for the bare fibre and had opposite sign (KT = +0.011 rad/Kxm at λ=1.46 mm). This experiment
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proves that the stress induced by shrinking/expansion of the polymer coating induces additional effects in temperature
response of the birefringent micro-structured fibres, which may be misleading, especially in the fibres with very low KT.
[0084] In a fourth embodiment, the invention relates to a method for producing a micro-structured fibre with a design
as obtained in any of the previous embodiments. The method thus comprises the steps of selecting a construction
material parameters and fibre design parameters whereby the polarimetric sensitivity to temperature KT is tuned according
to any of the previous embodiments, but furthermore comprises using the construction material parameters and the
design parameters for obtaining a construction material and a fibre design in agreement with these parameters and
using these materials to produce such a micro-structured optical fibre. Construction of such micro-structured optical
fibre can be performed using well known techniques such as e.g. - but not limited to - a stack- and draw method that
employs capillary tubes and rods, applying additional processing steps such as heat-treatment, chemical agent treatment,
stretching, pressurising or vacuum treatment, applying multiple-step drawing processes, etc.
[0085] In a fifth embodiment, the invention relates to a micro-structured optical fibre, the fibre having a very low or
null polarimetric sensitivity to temperature KT. The micro-structured fibre typically is made of a construction material
having a constant composition over the cross-section of the fibre, wherein furthermore cladding regions are provided
filled with a filling material with a refractive index nclad.reg. The specific design, it is the average separation Λ between
the different cladding regions, the average diameter dcli of the different cladding regions, the shape of the different
cladding regions and the number N of cladding regions, together with the specific construction material, e.g. glass, and
filling material used, the latter characterised by their refractive index nconst.mat. and nclad.reg. respectively and the derived
properties γconst.mat. and γclad.reg., the construction material further characterised by the thermal expansion coefficient
αconst.mat. allow to tune the polarimetric sensitivity to temperature KT such that it is not larger than a predetermined value,
i.e. that its absolute value is small. This predetermined value may e.g. not larger than 0.05 rad/(K.m), preferably not
larger than 0.01 rad/(K.m), even more preferably not larger than 0.005 rad/(K.m) most preferably which is 0 rad/(K.m)
or in other words which has a null polarimetric sensitivity to temperature KT. The required degree of polarimetric sensitivity
to temperature KT depends on the application for which the fibre is to be used. This limited polarimetric sensitivity to
temperature KT is obtained in a wide temperature range having an upper limit of at least 95˚C, preferably 200˚C, more
preferably 800˚C, even more preferably 1100˚C and a lower limit of 10˚C, preferably -40˚C, more preferably -70 ˚C, even
more preferably -150˚C, still more preferably -270˚C. The temperature range in which the polarimetric sensitivity KT to
temperature needs to be limited, depends on the application and on the materials used for the fibres. Alternatively, the
upper limit of the temperature range may e.g. also be defined by the temperature range wherein the fibres are applicable,
i.e. for example a range having as upper limit relative to the highest softening temperature of the materials constituting
the fibre, as described in the above embodiments. The material parameters to be used can be obtained by applying a
designing method according to any of embodiments 1 to 3. By way of example, a structure having a null polarimetric
sensitivity to temperature based on the structure 100c is described. The null polarimetric sensitivity to temperature is
obtained by a proper choice of the construction material, i.e. the glass, used for its manufacturing. For example, the
glass of type Bk7 from Schott catalogue having γ=2.3310-61/K and α=7.2310-61/K satisfies a null polarimetric sensitivity
for temperature at λ= 0.95mm.. The spectral dependence of the polarimetric sensitivity to temperature KT calculated for
structure 100c made of Bk7 glass is presented in Fig. 10. Comparison of the obtained results, with the results for structure
100b based on SiO2 indicates that the thermal characteristics of the birefringent micro-structured fibres can be modified
in a wide range by varying properties of the glass used for its manufacturing. It illustrates that for an arbitrary geometry,
by selecting a proper construction material, a null sensitivity can be obtained for specific wavelengths.
[0086] In a further embodiment, the invention also relates to a system using an optical fibre as described in the previous
embodiment, thus leading to a reduced temperature sensitivity of the system. Typical systems which may take advantage
of the use of such a fibre may e.g. be, but are not limited to, sensing systems, such as e.g. systems for sensing, e.g.
mechanical sensing, of bending or deformation, stress, strain, pressure, electromagnetic field, pH, gasses, systems for
sensing rotational or gravitational movement, in general fibre interferometers, optical fibre communication systems, etc.
Further applications are in general linear and non-linear fibre optic applications, supercontinuum generation, optical
fibre lasers and amplifiers. The embodiments describing methods for designing a micro-structured fibre with a tuned
polarimetric sensitivity to temperature according to the present invention or the corresponding computer program products
may be implemented in a processing system 500 such as shown in Fig. 11. Fig. 11 shows one configuration of processing
system 500 that includes at least one programmable processor 503 coupled to a memory subsystem 505 that includes
at least one form of memory, e.g. RAM, ROM, and so forth. A storage subsystem 507 may be included that has at least
one disk drive and/or CD-ROM drive and/or DVD drive. In some implementations, a display system, a keyboard, and a
pointing device may be included as part of a user interface subsystem 509 to provide for a user to manually input
information. Ports for inputting and outputting data also may be included. More elements such as network connections,
interfaces to various devices, and so forth, may be included, but are not illustrated in Fig. 11. The various elements of
the processing system 500 may be coupled in various ways, including via a bus subsystem 513 shown in Fig. 11 for
simplicity as a single bus, but will be understood to those in the art to include a system of at least one bus. The memory
of the memory subsystem 505 may at some time hold part or all (in either case shown as 511) of a set of instructions
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that when executed on the processing system 500 implement the step(s) of the method embodiments described herein.
Thus, while a processing system 500 such as shown in Fig. 11 is prior art, a system that includes the instructions to
implement aspects of the present invention is not prior art, and therefore Fig. 11 is not labeled as

prior art.

[0087] It is to be noted that the processor 503 or processors may be a general purpose, or a special purpose processor,
and may be for inclusion in a device, e.g., a chip that has other components that perform other functions. Thus, one or
more aspects of the present invention can be implemented in digital electronic circuitry, or in computer hardware,
firmware, software, or in combinations of them. Furthermore, aspects of the invention can be implemented in a computer
program product tangibly embodied in a carrier medium carrying machine-readable code for execution by a programmable
processor. Method steps of aspects of the invention may be performed by a programmable processor executing instruc-
tions to perform functions of those aspects of the invention, e.g. by operating on input data and generating output data.
The present invention therefore also includes a computer program product which provides the functionality of the method
for designing a micro-structured fibre with a tuned polarimetric sensitivity to temperature according to the present invention
when executed on a computing device. Further, the present invention includes a data carrier such as a CD-ROM or a
diskette which stores the computer product in a machine readable form and which executes at least one of the methods
of the invention when executed on a computing device. Nowadays, such software is often offered on the Internet, hence
the present invention includes transmitting the computer product according to the present invention over a local or wide
area network.
[0088] It is to be understood that although preferred embodiments, specific constructions and configurations, as well
as materials, have been discussed herein for devices according to the present invention, various changes or modifications
in form and detail may be made without departing from the scope and spirit of this invention.

Claims

1. A method for designing a micro-structured optical fibre optimised for transmitting light with a wavelength λ, said
micro-structured optical fibre having a polarimetric sensitivity, said method comprising tuning said polarimetric sen-
sitivity to temperature or an approximation thereof to have an absolute value not larger than a predetermined value
over a temperature range having an upper limit of 25% of a highest softening temperature of materials constituting
said optical fibre and a lower limit of 10˚C, said tuning being performed by selecting a construction material having
construction material parameters and by selecting a fibre design having design parameters.

2. A method according to claim 1, wherein said construction parameters comprise a refractive index nconst.mat. and a
thermal expansion coefficient αconst.mat. and said design parameters comprise a number of cladding regions N, a
refractive index nclad.reg. of a filling material filling said cladding regions, an averaged distance Λ between the cladding
regions and an average size of the i-th cladding region di.

3. A method according to claim 2, wherein tuning said polarimetric sensitivity to temperature or an approximation
thereof comprises tuning a temperature induced change of a modal birefringence B combined with a product of the
modal birefringence B and said thermal expansion coefficient of the construction material.

4. A method according to claim 3, wherein said temperature induced change of the model birefringence B is approx-
imated by a sum of a rate of change of the modal birefringence with varying refractive index of the construction
material multiplied with a rate of change of the refractive index of the construction material with varying temperature,
a rate of change of the modal birefringence with varying refractive index of the filling material multiplied with a rate
of change of the refractive index of the filling material with varying temperature and a rate of change of the modal
birefringence with varying averaged distance between the cladding regions multiplied with a rate of change of the
averaged distance between the cladding regions with varying temperature.

5. A method according to any of the previous claims wherein tuning said polarimetric sensitivity to temperature or an
approximation thereof comprises selecting a specific composition of a glass material.

6. A method according to any of the previous claims, wherein tuning said polarimetric sensitivity to temperature or an
approximation thereof comprises selecting a fibre geometry.

7. A method according to claim 6, wherein selecting said fibre geometry comprises one or more of changing the number
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N of cladding regions, changing the average distance Λ between said cladding regions or changing the diameter
dcli of at least one cladding region.

8. A method according to claim 7, wherein changing the diameter dcli of at least one cladding region comprises changing
the diameter of at least one pair of the cladding regions located symmetrically with respect to a centre of said fibre.

9. A method according to any of the previous claims, wherein said tuning said polarimetric sensitivity to temperature
or an approximation thereof is obtained by minimizing the derivative of the modal birefringence B(λ) to the refractive
index nconst.mat. of the construction material used.

10. A micro-structured optical fibre for transmitting light with a wavelength λ, said micro-structured optical fibre having
a fibre design with design parameters and being made of a construction material with construction material param-
eters, said micro-structured optical fibre having a polarimetric sensitivity or an approximation thereof with an absolute
value that is tuned to be not larger than a predetermined value, for temperatures T over a range having an upper
limit of 25% of a highest softening temperature of materials constituting said optical fibre, and a lower limit of 10˚C.

11. A micro-structured optical fibre according to claim 10, wherein said construction material parameters comprise a
refractive index nconst.mat. and a thermal expansion coefficient αconst.mat

~
. and said design parameters comprise a

number of cladding regions N, a refractive index nclad.reg. of a filling material filling said cladding regions, an averaged
distance Λ between the cladding regions and an average size of the i-th cladding region di.

12. A micro-structured optical fibre according to claim 11, wherein said tuned polarimetric sensitivity to temperature or
an approximation thereof is a tuned value of a temperature induced change of modal birefringence B combined with
a product of modal birefringence B and said thermal expansion coefficient of the construction material.

13. A micro-structured optical fibre according to claim 12, wherein said temperature induced change of the model
birefringence B is approximated by a sum of a rate of change of the modal birefringence with varying refractive
index of the construction material multiplied with a rate of change of the refractive index of the construction material
with varying temperature, a rate of change of the modal birefringence with varying refractive index of the filling
material multiplied with a rate of change of the refractive index of the filling material with varying temperature and
a rate of change of the modal birefringence with varying averaged distance between the cladding regions multiplied
with a rate of change of the averaged distance between the cladding regions with varying temperature.

14. An optical sensing system, said system comprising a micro-structured optical fibre according to any of claims 10 to 13.

15. A method for producing a micro-structured optical fibre optimised for transmitting light with a wavelength λ, said
micro-structured optical fibre having a polarimetric sensitivity, being made of a construction material and having a
specific design, said method comprising

- providing construction material information and design information such that said polarimetric sensitivity to
temperature or an approximation thereof is tuned to have an absolute value not larger than a predetermined
value over a temperature range having an upper limit of 25% of a highest softening temperature of materials
constituting said optical fibre and a lower limit of 10˚C, and
- producing the micro-structured optical fibre based on the provided construction material information and design
information.

16. A method according to claim 15, wherein said construction material information comprises construction parameters,
said construction parameters comprising a refractive index nconst.mat. and a thermal expansion coefficient αconst.mat–.
and wherein said design information comprises design parameters, said design parameters comprising a number
of cladding regions N, a refractive index nclad.reg. of a filling material filling said cladding regions, an averaged
distance Λ between the cladding regions and an average size of the i-th cladding region di.

17. A method according to claim 16, wherein tuning said polarimetric sensitivity to temperature or an approximation
thereof comprises tuning the temperature induced change of the modal birefringence B combined with the product
of the modal birefringence B and said thermal expansion coefficient of the construction material.

18. A method according to claim 17, wherein said temperature induced change of the model birefringence B is approx-
imated by a sum of a rate of change of the modal birefringence with varying refractive index of the construction
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material multiplied with a rate of change of the refractive index of the construction material with varying temperature,
a rate of change of the modal birefringence with varying refractive index of the filling material multiplied with a rate
of change of the refractive index of the filling material with varying temperature and a rate of change of the modal
birefringence with varying averaged distance between the cladding regions multiplied with a rate of change of the
averaged distance between the cladding regions with varying temperature.

19. A method according to any of claims 15 to 18 wherein providing information about said construction material and
said specific design comprises selecting a specific composition of glass material so that the absolute value of the
polarimetric sensitivity to temperature or an approximation thereof is tuned to be not larger than the predetermined
value.

20. A method according to any of claims 15 to 19, wherein providing information about said construction material and
said specific design comprises selecting a specific geometry so that the absolute value of the polarimetric sensitivity
to temperature or an approximation thereof is tuned to have an absolute value not larger than the predetermined value.

21. A method according to claim 20, wherein selecting said fibre geometry comprises any of changing the number of
cladding regions, changing the average distance between said cladding regions or changing the diameter of at least
one cladding region.

22. A method according to claim 21, wherein changing the diameter of at least one cladding region comprises changing
the diameter of at least one pair of the cladding regions located symmetrically with respect to a centre of said fibre.

23. A method according to any of claims 15 to 22, wherein providing information about said construction material and
said specific design comprises information about said construction material and said specific design such that the
derivative of the modal birefringence B(λ) to the refractive index nglass of the construction material used is minimised.

24. A computer program product for executing the method as claimed in any of claims 1 to 9 when executed on a network.

25. A machine readable data storage device storing the computer program product of claim 24.

26. Transmission of the computer program product of claim 24 over a local or wide area telecommunications network.

Amended claims in accordance with Rule 86(2) EPC.

1. A computer-implemented method for designing a micro-structured optical fibre (100a, 100b, 100c) optimised for
transmitting light with a wavelength λ, said micro-structured optical fibre (100a, 100b, 100c) having a polarimetric
sensitivity to temperature (KT), said method comprising
tuning said polarimetric sensitivity to temperature (KT) to have an absolute value not larger than a predetermined
value over a temperature range having an upper limit of 25% of a highest softening temperature of materials
constituting said optical fibre (100a, 100b, 100c) and a lower limit of 10˚C,
said tuning being performed by selecting a construction material (110) having construction material parameters and
by selecting a fibre design having design parameters.

2. A computer-implemented method according to claim 1, wherein said construction material parameters comprise
a refractive index nconst.mat. and a thermal expansion coefficient αconst.mat

~
. and said design parameters comprise a

number N of cladding regions (120), a refractive index nclad. reg. of a filling material filling said cladding regions (120),
an averaged distance Λ between the cladding regions (120) and an average size of the i-th cladding region di.

3. A computer-implemented method according to claim 2, wherein tuning said polarimetric sensitivity to temperature
(KT) comprises tuning a temperature induced change of a modal birefringence B combined with a product of the
modal birefringence B and said thermal expansion coefficient of the construction material (110).

4. A computer-implemented method according to claim 3, wherein said temperature induced change of the model
birefringence B is approximated by a sum of a rate of change of the modal birefringence with varying refractive
index of the construction material (110) multiplied with a rate of change of the refractive index of the construction
material (110) with varying temperature, a rate of change of the modal birefringence with varying refractive index
of the filling material multiplied with a rate of change of the refractive index of the filling material with varying
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temperature and a rate of change of the modal birefringence with varying averaged distance between the cladding
regions (120) multiplied with a rate of change of the averaged distance between the cladding regions (120) with
varying temperature.

5. A computer-implemented method according to any of the previous claims wherein tuning said polarimetric sen-
sitivity to temperature (KT) comprises selecting a specific composition of a glass material.

6. A computer-implemented method according to any of the previous claims, wherein tuning said polarimetric sen-
sitivity to temperature (KT) comprises selecting a fibre geometry.

7. A computer-implemented method according to claim 6, wherein selecting said fibre geometry comprises one or
more of changing the number N of cladding regions (120), changing the average distance A between said cladding
regions (120) or changing the diameter dcli of at least one cladding region (120).

8. A computer-implemented method according to claim 7, wherein changing the diameter dcli of at least one cladding
region (120) comprises changing the diameter of at least one pair of the cladding regions (120) located symmetrically
with respect to a centre of said fibre (100a, 100b, 100c).

9. A computer-implemented method according to any of the previous claims, wherein said tuning said polarimetric
sensitivity to temperature (KT) is obtained by minimizing the derivative of the modal birefringence B(λ) to the refractive
index nconst. mat. of the construction material (110) used.

10. A computer-implemented method according to any of the previous claims, wherein said micro-structured optical
fibre (100a, 100b, 100c) has a specific temperature sensitivity for said wavelength λ.

11. A micro-structured optical fibre (100a, 100b, 100c) for transmitting light with a wavelength λ, said micro-structured
optical fibre (100a, 100b, 100c) having a fibre design with design parameters and being made of a construction
material (110) with construction material parameters, said micro-structured optical fibre (100a, 100b, 100c) having
a polarimetric sensitivity to temperature (KT) with an absolute value that is tuned to be smaller than 0.05 rad/(K.m),
for temperatures T over a range having an upper limit of 25% of a highest softening temperature of materials
constituting said optical fibre, and a lower limit of 10˚C.

12. A micro-structured optical fibre (100a, 100b, 100c) according to claim 11, wherein said construction material
parameters comprise a refractive index nconst.mat. and a thermal expansion coefficient αconst.mat

~
. and said design

parameters comprise a number N of cladding regions (120), a refractive index nclad. reg. of a filling material filling
said cladding regions (120), an averaged distance A between the cladding regions (120) and an average size of
the i-th cladding region di.

13. A micro-structured optical fibre according to claim 12, wherein said tuned polarimetric sensitivity to temperature
(KT) is a tuned value of a temperature induced change of modal birefringence B combined with a product of modal
birefringence B and said thermal expansion coefficient of the construction material (110).

14. A micro-structured optical fibre (100a, 100b, 100c) according to claim 13, wherein said temperature induced
change of the model birefringence B is approximated by a sum of a rate of change of the modal birefringence with
varying refractive index of the construction material (110) multiplied with a rate of change of the refractive index of
the construction material (110) with varying temperature, a rate of change of the modal birefringence with varying
refractive index of the filling material multiplied with a rate of change of the refractive index of the filling material with
varying temperature and a rate of change of the modal birefringence with varying averaged distance between the
cladding regions (120) multiplied with a rate of change of the averaged distance between the cladding regions (120)
with varying temperature.

15. An optical sensing system, said system comprising a micro-structured optical fibre (100a, 100b, 100c) according
to any of claims 11 to 14.

16. A method for producing a micro-structured optical fibre (100a, 100b, 100c) optimised for transmitting light with
a wavelength λ, said micro-structured optical fibre having a polarimetric sensitivity to temperature (KT), being made
of a construction material (110) and having a specific design, said method comprising
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- providing construction material information and design information such that said polarimetric sensitivity to
temperature (KT) is tuned to have an absolute value not larger than a predetermined value over a temperature
range having an upper limit of 25% of a highest softening temperature of materials constituting said optical fibre
(100a, 100b, 100c) and a lower limit of 10˚C, and
- producing the micro-structured optical fibre (100a, 100b, 100c) based on the provided construction material
information and design information.

17. A method according to claim 16, wherein said construction material information comprises construction param-
eters, said construction parameters comprising a refractive index nconst.mat. and a thermal expansion coefficient
αconst.mat

~
. and wherein said design information comprises design parameters, said design parameters comprising

a number N of cladding regions (120), a refractive index nclad. reg. of a filling material filling said cladding regions
(120), an averaged distance A between the cladding regions (120) and an average size of the i-th cladding region di.

18. A method according to claim 17, wherein tuning said polarimetric sensitivity to temperature (KT) comprises
tuning the temperature induced change of the modal birefringence B combined with the product of the modal
birefringence B and said thermal expansion coefficient of the construction material.

19. A method according to claim 18, wherein said temperature induced change of the model birefringence B is
approximated by a sum of a rate of change of the modal birefringence with varying refractive index of the construction
material multiplied with a rate of change of the refractive index of the construction material with varying temperature,
a rate of change of the modal birefringence with varying refractive index of the filling material multiplied with a rate
of change of the refractive index of the filling material with varying temperature and a rate of change of the modal
birefringence with varying averaged distance between the cladding regions (120) multiplied with a rate of change
of the averaged distance between the cladding regions (120) with varying temperature.

20. A method according to any of claims 16 to 19 wherein providing information about said construction material
and said specific design comprises selecting a specific composition of glass material so that the absolute value of
the polarimetric sensitivity to temperature (KT) is tuned to be not larger than the predetermined value.

21. A method according to any of claims 16 to 20, wherein providing information about said construction material
and said specific design comprises selecting a specific geometry so that the absolute value of the polarimetric
sensitivity to temperature (KT) is tuned to have an absolute value not larger than the predetermined value.

22. A method according to claim 21, wherein selecting said fibre geometry comprises any of changing the number
of cladding regions (120), changing the average distance between said cladding regions (120) or changing the
diameter of at least one cladding region (120).

23. A method according to claim 22, wherein changing the diameter of at least one cladding region (120) comprises
changing the diameter of at least one pair of the cladding regions (120) located symmetrically with respect to a
centre of said fibre.

24. A method according to any of claims 16 to 23, wherein providing information about said construction material
and said specific design comprises information about said construction material and said specific design such that
the derivative of the modal birefringence B(λ) to the refractive index nglass of the construction material used is
minimised.

25. A computer program product for executing the method as claimed in any of claims 1 to 10 when executed on a
network.

26. A machine readable data storage device storing the computer program product of claim 25.

27. Transmission of the computer program product of claim 25 over a local or wide area telecommunications network.
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